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Peralkaline to subalkaline rhyolitic tuffs of the Civet Cat 
Canyon Member (CCCM) of the Stonewall Flat Tuff are traceable from 
outflow sheet directly into the Stonewall Mountain volcanic center 
(SMVC) where the CCCM incorporates subunits of more mafic, near-vent 
facies trachytic tuffs. Paleomagnetic, geochemical and contact and 
cooling relations indicate that tuffs of near-vent subunits and the 
outflow sheet tuffs belong to the same cooling unit, demonstrating 
conclusively that the CCCM was erupted from the SMVC. Basaltic cog­
nate inclusions dispersed in near-vent facies trachytic tuffs provide 
evidence for the direct, high-level involvement of basaltic magmas in 
the evolution of the SMVC. The internally complex near-vent facies 
tuffs are interpreted to comprise a pre-crystallization tilt-block 
terrane; suggesting that cauldron subsidence occurred concurrent with 
tuff eruption by chaotic collapse of roof rocks above an inferred 
large, shallow, magma chamber.
Two successive ash-flow sheets erupted from the nearby, slightly 
older Black Mountain volcanic center, the Pahute Mesa and Trail Ridge 
members of the Thirsty Canyon Tuff, possess indistinguishable reverse 
polarity thermoremanent magnetization (TRM) directions of about 180° 
declination and -10° inclination. These TRM directions are inter­
preted to reflect acquisition during a single geomagnetic field po­
larity transition, implying that the Pahute Mesa Member had cooled and 
was overlain by the Trail Ridge Member prior to appreciable deviation 
of the anomalous geomagnetic field orientation. The presently ac­
cepted best estimate of polarity transition interval duration is about
5 X 10 years. The interval between eruption of these two ash-flow 
sheets is thus inferred to have been less than this, and perhaps less 
than 100 years, precluding a significant amount of magmatic differen­
tiation during the repose interval.
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INTRODUCTION
Most major ash-flow sheets may be shown to be the pyroclastic 
outflow material expelled from vent areas of the collapse-caldera 
type. The relation of ash-flow sheets to their source areas is typi­
cally based in large part on distribution, thickness, stratigraphic, 
structural and facies relations between the extracaldera tuffs and 
associated rocks within the inferred source area. Vertical and lat­
eral stratigraphic continuity from intracaldera welded tuffs to tuffs 
of the extracaldera ash-flow sheet is typically obscured by later 
cover, interrupted by displacement on faults along the ring fracture 
zone, obliterated by erosion or obscured by a combination of the 
above. The Timber Mountain caldera in the southern Nevada volcanic 
field (Byers et al., 1976) provides an example of lack of continuity 
between intracaldera and outflow sheet tuffs.
Along the southeast margin of the Stonewall Mountain volcanic 
center in southern Nevada, both vertical and lateral stratigraphic 
continuity are preserved between outflow sheet and subunits of near­
vent facies. This direct link between source area and outflow sheet 
shows that the Civet Cat Canyon Member of the Stonewall Flat Tuff was 
erupted from the Stonewall Mountain volcanic center, presents a rare 
opportunity to study the transition zone between near-vent and outflow 
environments and allows improved understanding of the evolution of the 
Stonewall Mountain volcanic center.
Rocks of Stonewall Mountain, located approximately 23 km south of 
Goldfield, Nevada, on the northwestern edge of the southern Nevada 
volcanic field (Fig. 1), were originally recognized to comprise a
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FIGURE 1. Map showing the location of Stonewall Mountain and the 
area covered by Figure 2. Numbered dots show the locations of 
paleomagnetic sample sites.
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silicic volcanic center by J. E. Spurr (1903). The center was consid­
ered by Ekren et al. (1971), Cornwall (1972) and Ashley (1974) to be 
of Tertiary age, but older than the Late Miocene Thirsty Canyon Tuff 
erupted from the nearby Black Mountain volcanic center. Radiometric 
ages obtained by Foley (1978) suggested a Late Miocene age for the 
volcanic activity at Stonewall Mountain. Foley (1978) inferred local 
collapse concurrent with voluminous trachytic to alkali-rich rhyolitic 
ash-flow volcanism, followed by the emplacement of hypabyssal latite 
to quartz-latite intrusive bodies. Apparently no attempt was made to 
determine the relation of ash-flow units exposed on Stonewall Mountain 
to ash-flow sheets directly to the southeast and east of Stonewall 
Mountain.
More recently, Noble et al. (1983) recognized that the tuffs 
exposed adjacent to Stonewall Mountain are part of two extensive 
ash-flow sheets distinct from and younger than the Thirsty Canyon Tuff 
with which they were previously correlated (Noble et al., 1964; Ekren 
et al., 1971; Cornwall, 1972). Each of these two cooling units, the 
Spearhead and Civet Cat Canyon members, were assigned member status in 
a new formation, the Stonewall Flat Tuff; and, on the basis of areal 
distribution, thickness and facies relations, the Stonewall Mountain 
volcanic center was proposed as their source area (Noble et al., 1983; 
1984). The Spearhead Member has been dated by the K-Ar method at 6.3 
+ 0.3 Ma, and a K-Ar age of 6.1 +_ 0.2 Ma has been obtained from the 
Civet Cat Canyon Member (Noble et al., 1984; Weiss et al., 1984). 
Additional geologic mapping by Weiss (Fig. 2) on and southeast of 
Stonewall Mountain now conclusively demonstrates that the Civet Cat
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Canyon Member, upper of the two members of the Stonewall Flat Tuff, 
is in fact traceable continuously from outflow sheet to the southeast, 
across a zone of syndepositional deformation, directly into the 
Stonewall Mountain volcanic center.
Within the Stonewall Mountain volcanic center, the Civet Cat 
Canyon Member incorporates subunits of in part more mafic and silica- 
poor, internally complex near-vent facies tuffs. These subunits, 
shown diagrammatically in Figure 3, consist of a pyroclastic surge 
sequence overlain by thick, near-vent facies tuffs of trachytic compo­
sition (subunit Tscm) that are in turn overlain by, and in ambiguous 
contact with, internally complex near-vent tuffs (subunit Tscu) simi­
lar to ash-flow tuffs of the outflow sheet (subunit Tsco). 
PRE-STONEWALL FLAT TUFF STRATIGRAPHY
Rocks older than the Stonewall Flat Tuff in the vicinity of 
Stonewall Mountain consist of Precambrian and early Paleozoic sedimen­
tary rocks unconformably overlain and intruded by Tertiary volcanic 
rocks (Ekren et al., 1971; Cornwall, 1972; Foley, 1978). The oldest 
rocks exposed directly south of Stonewall Mountain (Fig. 2) consist of 
several hundred meters of folded, thinly interbedded limestone and 
chert tentatively correlated with the late Cambrian Emigrant Formation 
(Foley, 1978). These rocks are unconformably overlain by Tertiary 
ash-flow tuffs that may belong in part to the Tolicha Peak Tuff (Ekren 
et al., 1971). These tuffs are in turn overlain by tuffaceous sedi­
mentary rocks, air-fall, base-surge(?) and waterlain(?) tuffs and 
thin, poorly welded silicic ash-flow tuffs that are locally capped by 
thin flows of basalt. These units are mapped collectively as unit Tov
(Fig. 2).
NORTH
FIGURE 3. Diagrammatic crosa-section showing subunits of the Civet Cat Canyon Member of the Stonewall Flat Tuff 
and relations to the underlying rock units. -Ge(?) = Emigrant Formation(?) of Cambrian age, Tov = pre-Stonewall 
Flat Tuff volcanic and sedimentary rocks of Tertiary age, Tr = pre-Spearhead Member rhyolitic dome complex, Tss 
= Spearhead Member of the Stonewall Flat Tuff, Tsco = outflow sheet subunit of the Civet Cat Canyon Member of 
the Stonewall Flat Tuff, Tsco(RB) = rheomorphically disrupted tuffs of subunit Tsco, Tscm = tuffs of near-vent, 
trachytic subunit of the Civet Cat Canyon Member, Tscm(RB) = rheomorphically disrupted tuffs of subunit Tscm, 
Tscu = upper subunit of the Civet Cat Canyon Member consisting of low-silica rhyolitic tuffs. Dotted line shows 
welded, pre-crystallization surge sequence at the base of subunit Tscm, short dashed lines show pre-crystalliza­
tion contacts between and possibly within subunits of the Civet Cat Canyon Member and thin solid lines show 
flow-banding, compaction foliation or eutaxitic structure. Inferred pre-crystallization faults are shown by 
heavy dashed lines.
------ ------- --- ----------- ----- ■ ■ ■ ■ h h
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A distinctive, in part peralkaline, silicic dome complex (map 
unit Tr), composed of rhyolitic near-vent spatter, flow banded intru­
sive material, thinly interbedded air-fall tuffs, lava and breccia, is 
exposed directly south of Stonewall Mountain (Fig. 2) in uncertain 
stratigraphic relation to the Stonewall Flat Tuff. As exposed in 
Dickensheets Draw (Fig. 2), rocks of map unit Tr are directly overlain 
by tuffs of both members of the Stonewall Flat Tuff. However, north 
of Dickensheets Draw (Fig. 2) at least 100 m of rocks of map unit Tr, 
which intrude and overlie rocks of map unit -Ce(?), are overlain only 
by tuffs of the Civet Cat Canyon Member and in this area may post-date 
the Spearhead Member of the Stonewall Flat Tuff. Foley (1978) mapped 
similar rhyolitic rocks both beneath and above rocks of the Stonewall 
Flat Tuff along the northeast, east, and southeast margins of the 
Stonewall Mountain volcanic center. Rocks of map unit Tr, though in 
part pre-dating portions of the Stonewall Flat Tuff, may represent 
flow domes emplaced along caldera ring fractures related to the erup­
tion of the Spearhead Member of the Stonewall Flat Tuff. Local high- 
angle faulting, erosion and flow-domes consisting of rocks of map unit 
Tr appear to have contributed to produce a topographically irregular 
surface upon which the Stonewall Flat Tuff was deposited (Fig. 2). 
STRATIGRAPHY OF THE OUTFLOW SHEET OF THE CIVET CAT CANYON MEMBER
The distribution, general internal stratigraphy and regional 
stratigraphic position of the Stonewall Flat Tuff have been described 
by Noble et al. (1984). In the area of this study (Fig. 2), outflow 
facies tuffs of the Civet Cat Canyon Member are extensively exposed, 
capping the northwesternmost part of Pahute Mesa and extending as a 
single ash-flow cooling unit nearly 20 km to the southeast.
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At the south end of the map area (Fig. 2), the Civet Cat Canyon 
Member, here consisting only of subunit Tsco, is about 50 m thick, 
nearly horizontal, varies from light grey to light purplish-brown and 
dark reddish-brown, weathers to a dark brown color and fills several 
meters of relief developed on the underlying Spearhead Member. Numer­
ous N-S trending, high-angle normal faults disrupt the underlying 
Spearhead Member with displacements generally less than 3 meters. 
Several of these faults also offset the base of the Civet Cat Canyon 
Member but appear to die out about 1 m above the contact. As much as 
2 m of glassy air-fall tuff is locally present at the base of the 
unit. The Civet Cat grades upward over a few meters from a basal, 
glassy, unwelded to densely welded, crystal-poor, shard-rich zone, 
into densely welded and completely crystallized pumice-rich ash-flow 
tuff. Phenocryst content increases from about 2 to 5% near the base 
to about 30% in the upper flows of the unit. Phenocrysts consist 
largely of broken, euhedral crystals of sanidine-anorthoclase 1 to 3 
mm in diameter. Trace amounts of clinopyroxene, olivine (now largely 
altered to aggregrates of Fe-rich(?) phyllosilicates), fine biotite 
and Fe-Ti oxide phenocrysts are present; biotite phenocrysts increase 
to about 1 to 2% as books 2 to 3 mm in diameter in the uppermost flows 
of the unit. Anhedral acmitic pyroxene and biotite commonly occur as 
devitrification products in the groundmass of the upper portion of the 
unit. Pervasive vapor-phase crystallization is also present in the 
upper portion. Euhedral grains of Na-rich pyroxene and sparse sodic 
amphibole as much as 1 mm in maximum diameter occur with abundant 
alkali-feldspar as vapor-phase minerals replacing pumice fragments and
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as linings in lithophysal cavities. Quartz was not observed as pheno- 
crysts, occurring only as a product of devitrification and vapor-phase 
crystallization. Lithic fragments less than 1 cm in diameter generally 
form less than 5% of the rock and are composed largely of various vol­
canic lithologies. Sparse, generally smaller lithic fragments of
chert, quartzite and phyllite are also present.
The southern, east-trending canyon (here named Harley's Canyon)
that cuts Pahute Mesa (Fig. 2) exposes a scalloped, north-facing scarp 
that cuts the Spearhead and older rocks. This scarp has been inter­
preted (Noble et al., 1984) as part of the topographic rim of the 
caldera formed during the eruption of the Spearhead Member of the 
Stonewall Flat Tuff. Tuffs of subunit Tsco of the Civet Cat Canyon 
Member ponded behind and buried this scarp. North-dipping compaction 
of the Civet Cat Canyon Member near the scarp is readily visible in 
high-altitude aerial photographs and was measured at numerous outcrops 
at up to 35° (Fig. 2). In the walls of the next east-trending canyon 
to the north (here named Dickensheets Draw), the ponded tuffs of the 
Civet Cat Canyon Member reach a thickness of nearly 300 m, including 
about 10 m of glassy, air-fall tuffs at the base of the unit. Here 
the lower zone of crystal-poor and shard-rich tuff is about 80 m 
thick, grading upward into the crystal and biotite-rich upper portion. 
Although distinct partings are absent, variations in the columnar 
jointing and degree of compaction suggest that in this area at least a 
dozen and perhaps more than 20 ash flows or sequences of flows cooled 
and crystallized as a single cooling unit. Devitrified and vapor- 
phase crystallized compressed pumice fragments comprise about 25% of
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the rock in the upper, crystal—rich portion. These collapsed pumice 
fragments are commonly greater than 1 m in length and less than 1 to 
about 5 cm thick.
Directly north of the mouth of Dickensheets Draw, tuffs of sub­
unit Tsco of the Civet Cat Canyon Member drape to the east and south, 
with considerable compaction dip in the lower flows, off of a large, 
irregular rhyolite dome complex (map unit Tr, Fig. 2). At the north 
end of this dome complex, in the northeast trending canyon here named 
Transition Canyon (Fig. 2 and Fig. 3), the Civet Cat Canyon Member 
consists of rheomorphically disrupted tuffs [subunit Tsco(RB)] di­
rectly overlain by pyroclastic surge deposits, which in turn are over- 
lain by near-vent trachytic tuffs of subunit Tscm. The rheomorphical­
ly disrupted tuffs of subunit Tsco(RB) grade laterally (Fig. 2 and 
Fig. 3) directly into outflow facies tuffs of subunit Tsco to the 
south and southeast.
Rimming Transition Canyon to the southeast, tuffs of the Civet 
Cat Canyon Member display nearly horizontal compaction foliation in 
the stratigraphically highest flows on the ridgecrest near hill 5795 
(Fig. 2). Lower flows display consistent compaction dips of as much 
as 50° northwest and 40° southeast that, in conjunction with contact 
relations (Fig. 2), strongly suggest that in this area the tuffs of 
the Civet Cat Canyon Member ponded behind, buried and flowed south to 
southeasterly off of a northeast-trending ridge or scarp developed on 
the underlying rhyolite unit Tr and Emigrant Formation(?). Tuffs 
exposed south of this paleotopographic high are continuous in outcrop 
with and identical in all respects to outflow sheet tuffs and are
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probably the most proximal portion of the outflow sheet. However, 
directly northwest of the ridge-crest (Fig. 2), all but the strati- 
graphically highest tuffs have undergone extensive and pervasive post­
compaction flowage. The rheomorphism disrupts original compaction fo­
liation in all but the basal vitrophere, with intensity and ductility 
of deformation appearing to increase towards the northwest. Directly 
above the chilled base of the Civet Cat Canyon Member, relatively 
minor laminar viscous flow produced tension cracks and stretched, 
broken and imbricated pumice fragments; features similar to those 
observed in the flowed tuffs of Gran Canaria (Schminke and Swanson, 
1967). Higher in the unit a 100 to 150 m wide zone, adjacent and ex­
tending parallel to the ridge-crest (Fig. 2), displays substantially 
stronger laminar rheomorphism that produced a penetrative, curviplanar 
to contorted secondary flow foliation. Pull-apart structures are lo­
cally associated with the secondary foliation, but more commonly the 
secondary foliation is axial planar to numerous small, asymmetric 
folds in the compaction foliation or simply truncates the compaction 
foliation. In an adjacent parallel zone, extending for about 350 
m to the northwest (Fig. 2), further rheomorphism resulted in breccia- 
tion similar to that observed in many lavas. Angular to irregular, 
commonly lobate, clasts of welded and crystallized ash-flow tuff with 
well preserved, commonly folded compaction foliation and secondary 
flow foliation, are surrounded by a dense, crystallized, but struc­
tureless matrix of similar material. Such clasts range from a few 
millimeters to about 10 m in maximum dimension, are themselves com­
posed of rheomorphically deformed tuffs of the Civet Cat Canyon
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Member, and in many instances appear to have deformed plastically 
within the matrix and against neighboring clasts (Fig. 4). In the 
middle and upper portions of this zone, the boundaries between clasts 
and the matrix are commonly indistinct, appearing partially resorbed 
and at some localities are unrecognizable, suggesting higher tempera­
tures during deformation.
The rheomorphic breccia facies of the subunit Tsco is essentially 
monolithologic, except for sparse, angular blocks of silicic lava and 
near-vent spatter material megascopically identical to, and presumably 
derived from, the nearby and in part underlying dome complex (unit Tr, 
Fig. 2). The rheomorphic breccia forms a subhorizontal, roughly 
wedge-shaped body in cross-section (Fig. 2 and Fig. 3) that continues 
without interruption to the north where it is well exposed in the 
north wall of Transition Canyon. However, on the north side of 
Transition Canyon, the unit displays evidence of significantly greater 
ductility during post-emplacement movement. Relict collapsed and 
crystallized pumice fragments are visible as randomly oriented streaks 
and swirls and are commonly ptygmatically folded (Fig. 5). Distinc­
tion between clasts and matrix is generally difficult, due to intense 
plastic deformation and resorption of clasts by both the matrix and 
adjacent clasts. Rhemorphic foliation, visible as a fine lamination, 
penetrating the matrix and faint remnants of compaction foliation 
within clasts, is locally well developed but laterally discontinuous 
in steeply dipping, apparently random orientations.
As exposed in the north wall of the mouth of Transition Canyon 
(Fig. 2), the ductilely deformed tuffs of subunit Tsco(RB) are
55 R s m
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FIGURE 4. Rheomorphic breccia composed of tuffs of subunit Tsco. 
Hill in background consists of southeast-dipping tuffs of subunit 
Tscm underlain by rheomorphic breccia and tuffs of the welded surge 
horizon. View is to the northeast.
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FIGURE 5. Ductile rheomorphic disruption of tuffs of subunit Tsco. 
Pencil is near ptygmatically folded relict pumice fragment.
• llii I
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overlain by undeformed pyroclastic surge deposits and tuffs of subunit 
Tscm. This relation indicates that most of the rheomorphic disruption 
of subunit Tsco occurred prior to the deposition of overlying sub­
units, strongly suggesting that lithostatic load due to overburden was 
absent during rheomorphism. Therefore, the features described above 
imply that higher temperatures, volatile content or slope instabili­
ties were maintained towards the northwest in the rheomorphically 
disrupted zone; providing evidence in addition to outflow sheet dis­
tribution to suggest that the source of these tuffs was located, per­
haps quite proximally, to the north or northwest of Transition Canyon 
(Fig. 2). If this is the case, then contact relations with the under­
lying paleotopographic surface and spatial distribution of the zone of 
rheomorphic disruption (Fig. 2) suggest that the rheomorphism probably 
occurred by slumping of tuffs down the steep, northwest-facing paleo­
topographic slope. If it occurred concurrent with tuff deposition, 
subsidence in the source area may have contributed to the instability 
of either the slope, the still hot, plastic tuffs, or both.
RELATION OF OUTFLOW SHEET TO NEAR-VENT UNITS
To the north of Transition Canyon (Fig. 2), the rheomorphically 
deformed tuffs of subunit Tsco of the Civet Cat Canyon Member, limited 
to the southeast by the underlying and probably genetically related 
paleotopographic relief, are overlain without a cooling break by a 
gently north-to-northeast dipping sequence of welded and crystallized 
pyroclastic surge deposits (Fig. 2 and Fig. 3). Generally brick-red 
to reddish-brown and about 1 to 4 m thick, this remarkably well pre­
served sequence of surge deposits consists of planar to intricately
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cross—bedded sand wave layers, from less than 1 mm to 1 cm in thick­
ness that are composed mainly of submillimeter to millimeter-sized 
crystal fragments with subordinate amounts of dust, milled pumice 
fragments, shards and shard fragments. Welding ranges from dense on 
the north wall of Transition Canyon to moderate to dense on the south 
wall of Transition Canyon (Fig. 2). Abundant submillimeter to 
centimeter-sized lithophysae occur throughout the unit. Crystal frag­
ments, primarily of sanidine-anorthoclase and biotite, with minor 
clinopyroxene and Fe-Ti oxides, are larger (as much as 5 mm) in the 
uppermost layers.
Along the well exposed base of the surge deposits (Fig. 2) 
groundmass crystallization is continuous across the contact with the 
rheomorphic breccia, indicating that both units clearly belong to the 
same cooling unit. Pre-crystallization, high-angle offsets of the 
contact and surge sequence locally show displacements as great as 
about 10 m, indicating continued but diminished movement in the under­
lying, disrupted ash-flow unit.
The surge sequence is overlain conformably, and again without a 
cooling break (Fig. 2, Fig. 3, Fig. 6 ), by distinctive dark purplish- 
grey to brownish-grey, crystal-rich, glomeroporphyritic trachytic, 
nearly structureless trachytic tuffs of subunit Tscm. Close inspec­
tion reveals that locally the uppermost surge beds are overlain by a 
thin unit of densely welded, vesicular, crystal-rich ash-flow tuff 
that grades upward in less than 1 meter into the nearly structureless 
lower portion of subunit Tscm. Phenocrysts, consisting mainly of 
large (as much as 1 cm in diameter), broken euhedral crystals of
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FIGURE 6. Tuffs of the welded and crystallized pyroclastic surge 
sequence, with well developed sand waves, overlain without a cooling 
break by welded and crystallized trachytic tuff of subunit Tscm.
Tape on hammer handle is on the contact.
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sanidine-anorthoclase with about 1 to 5% coarse-grained biotite, about 
1% euhedral orthopyroxene, clinopyroxene and plagioclase, and traces 
of fine-grained, euhedral apatite, rutile and Fe-Ti oxides, form about 
30 to 50% of the rock. The completely crystalized groundmass is a 
felty to trachytic intergrowth of alkali-feldspar, acmitic(?) pyrox­
ene, opaques, traces of annite(?) and sodic amphibole(?) pleochroic in 
shades of tan, golden-brown and brown. Groundmass silica minerals 
were not observed. Subophitic-textured cognate inclusions of plagio­
clase, alkali-feldspar, clinopyroxene, orthopyroxene, olivine and 
minor biotite, rutile and ilmenite occur as wispy to subspherical 
masses less than about 2 cm in diameter. These inclusions, which 
locally form as much as 10% of the rock, consist of clots of basaltic 
magma that was apparently mixing with the trachytic magma immediately 
prior to eruption (see section on chemistry). Irregular, centimeter­
sized xenoliths of aphanitic, intergrown alkali-feldspar, spinel, 
cordierite and annite(?) also occur locally; these inclusions were 
probably derived from early Paleozoic pelitic rocks in the subvolcanic 
basement.
The coarse-grained, crystal-rich rocks of subunit Tscm reach a 
maximum thickness of nearly 200 m, along the ridge-top about 300 m 
northeast of hill 6036 (Fig. 2). Here unmistakable eutaxitic struc­
ture is well developed in addition to large-scale features such as 
tabular zones of very dense rock with distinct columnar jointing, 
alternating with zones of less dense, strongly vapor-phase crystal­
lized, lithophysae-rich rocks characteristic of a multiflow origin. 
Incompletely vesiculated pumice, and/or spatter blobs, many of which
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are glassy, locally occur at the top of the subunit and may be a 
proximal air-fall facies. Foley (1978) mapped occurrences of this 
lithology over wide areas on Stonewall Mountain and interpreted all 
but one exposure to the north of the study area to be intrusive bod­
ies. In the area of Transition Canyon (Fig. 2), this subunit is 
clearly pyroclastic and clearly was deposited upon and cooled with the 
underlying surge beds and rheomorphically disturbed tuffs. It is 
therefore considered to be a less silicic, near-vent subunit of the 
Civet Cat Canyon cooling unit.
Adjacent to and north of the T5S-T6S boundary line (Fig. 2), this 
sequence is overlain by, in fault contact with, and in steeply- 
dipping, ambiguous contact with a thick, internally complex sequence 
of tuffs chemically and lithologically similar to the outflow (Tsco) 
portion of the Civet Cat Canyon Member. Recognized only on Stonewall 
Mountain, these welded and crystallized tuffs contain a significantly 
different lithic fragment assemblage and generally less biotite, but 
are otherwise nearly identical to the outflow tuffs. Lithic frag­
ments, and possibly cognate inclusions, of the distinctive trachytic 
subunit Tscm are common locally and in the western and northern parts 
of the study area, lithic fragments of grey to white quartzite and 
dark phyllite are abundant in the upper portion of this subunit. No 
evidence of a cooling break was observed along the well exposed con­
tacts between these tuffs and the underlying subunit Tscm (Fig. 2). 
In several areas, the contact appears conformable and depositional in 
character, with nearly horizontal tuffs of subunit Tscm apparently 
overlain without a cooling break by finer-grained tuffs of the
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sequence shown in Figure 2 as map unit Tscu. In other areas, such as 
the SW 1/4 of the SW 1/4 of Section 34, T5S (Fig. 2), rocks of subunit 
Tscm possess a near-vertical, north-dipping eutaxitic foliation and 
are incorporated as angular blocks, as much as 1 m in diameter, in 
steeply southeast-dipping tuffs of subunit Tscu, adjacent to the sharp 
but irregular intervening contact. About 300 m to the southwest (Fig. 
2), this contact is ambiguous, dipping steeply to the north with 
eutaxitic structures and compaction foliation in the two adjacent 
units parallel to it.
Groundmass crystallization is continuous across contacts between 
the coarse-grained Tscm and finer-grained Tscu sequences, indicating 
that they belong to the same cooling unit. Foley (1978) interpreted 
these contact relations to reflect intrusion of rocks of the Tscm 
lithology into the finer-grained tuffs of subunit Tscu. However, the 
clearly pyroclastic character of the rocks of subunit Tscm in this 
area requires consideration of several alternative interpretations of 
the contact and cooling relations; these will be discussed later in 
this paper.
Rhyolitic ash-flow tuff, composed almost exclusively of shards 
and as much as about 5% alkali-feldspar phenocrysts, overlies the 
Spearhead Member northwest of Stonewall Mountain. This unit, which 
may be a distal portion of either outflow or near-source Civet Cat 
tuffs exposed on Stonewall Mountain, possesses thermoremanent magneti­
zation directions nearly identical to the main, outflow portion of the 
Civet Cat Canyon Member (Table 2). A similar tuff also occurs locally 
to the southwest of Stonewall Mountain.
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CHEMISTRY
Major-element analyses of rocks of the Civet Cat Canyon Member 
are given in Table 1. These data support the subalkaline to peralka- 
line character of the Stonewall Mountain volcanic center as previously 
inferred from the petrography of the outflow sheet tuffs. Tuffs of 
of the subunits within the Civet Cat Canyon Member are notably 
rich in potassium, particularly the low-silica rhyolites with 5 .0 0 to 
6.45 weight % K^O. The outflow sheet of the Civet Cat Canyon Member 
is zoned upward from slightly peralkaline, comenditic rhyolite in the 
lower, crystal-poor, in part granophyrically crystallized tuffs, to 
slightly peralkaline and subalkaline, low-silica rhyolite in the 
upper, crystal-rich portion.
The near-vent subunit Tscm is a true trachyte as indicated by the 
absence of quartz or other silica minerals in the crystallized ground- 
mass. Na+K/Al values of 0.8868 (Foley, 1978) and 0.7716 suggest that 
in the area of Transition Canyon, these rocks are subalkaline in 
character. However, the presence of trace amounts of sodic amphi- 
bole(?) in the crystallized groundmass suggests a more peralkaline 
composition than is indicated by the chemical data from subunit Tscm. 
Several of the previously described mafic cognate inclusions were 
extracted from a sample of tuff of subunit Tscm, and both the inclu­
sions and inclusion-free host material were analyzed. The results 
(Table 1) indicate an alkali-rich basaltic composition for the inclu­
sions and a trachytic composition for the subunit Tscm. The results 
also indicate a magnesium content notably higher than the specimens of 
subunit Tscm analyzed by Foley (1978). Olivine was not observed in





























Si02 72.7 71.3 71.3 72.92 67.8 67.8 66.12 63.25 59.82 60.8 51.3 66.1 72.8AI2O3 13.8 13.0 14.5 13.50 15.7 12.4 16.28 17.0 16.64 17.3 16.5 16.1 13.8FeO* 1.98 1.82 2.14 1.76 2.72 1.58 2.51 3.31 5.27 2.42 7.23 2.31 1.83
MgO 0.18 0.16 0.28 0.15 0.42 0.08 0.39 0.84 0.85 1.35 3.36 0.63 0.20
CaO 0.94 1.73 0.85 0.80 1.40 1.04 1.83 2.07 2.58 3.13 7.19 1.41 1.0
Na2 0 4.83 4.79 4.1 4.37 5.01 4.52 4.93 5.23 4.80 4.78 3.73 5.03 4.0
K2O 5.43 4.90 5.3 5.28 6.30 5.00 6.05 6.45 6.30 5.07 2.69 5.68 4.8
H2O+ — — 0.45 0.23 -- — 0.15 —
H2O- — — 0.19 0.21 — — 0.17 1.15«
Ti02 0.28 0.23 0.22 0.15 0.48 0.14 0.48 0.63 1.06 0.91 1.14 0.39 0.16
Mn02 0.09 0.10 0.08 0.08 0.13 0.07 0.12 0.10 0.12 0.12 0.17 0.10 0.08
P2 05 0.06 0.08 0.06 0.01 0.13 0.03 0.11 0.16 0.31 0.32 0.50 0.12 0.04
C02 — — 0.33 0.10 -- — 0.51 0.23
Cl — — — 0.04 — — 0.01 0.05
F — — — 0.17 -- — 0.06 -- — — — — 0.11
LOI 0.39 1.31 1.16 —
Total 100.5 98.3 99.8 99.86 100.4 92.8 100.0 100.5 98.2 99.0 96.8 99.4 99.1
EsQl____
FeO*+MgO 0.848 0.862 0.811 0.862 0.792 0.917 0.778 0.687 0.777 0.500 0.549 0.667 0.839
Na+K
A1 1.002 1.014 0.861 0.956 0.959 1.036 0.900 0.917 0.887 0.772 0.548 0.896 0.853
Note: Values are in weight % except FeO*/FeO*+MgO and Na+K/Al ratios, FeO* = total Fe as FeO.
ST = Shard Tuff, Cl = cognate inclusions extracted from sample #10. 1 = unpublished data from
Noble, D.C., pers. comm., 1984. Samples 1, 2, 5 and 6 by Barringer-Magenta using ICP methods, 3 
and 13 by rapid-rock methods (Shapiro and Brannock, 1962) and 4 and 7 by wet chemical methods 
(Peck, 1964). 2 = data from Foley (1978), Fe, FeO, MnO, MgO and P2O5 by wet chemical methods, 
Si02 , AI2O3 , Ti02 and CaO by X-ray fluorescence methods and Na and K by single-flame photometry.
3 = new data by X-RAL Ltd., using Li-B03 fusion with X-ray fluorescence methods. 4 = total 
volatiles, -- = not measured.
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the trachyte, but most of the orthopyroxene has a composition of about 
En80 F s 20 based on optic axial angles. This enstatite, possibly de­
rived from the basaltic inclusions, may account for the apparent Mg 
enrichment of the trachyte. The well-dispersed basaltic inclusions 
are inferred to be the product of explosive magma mixing along the 
interface between the trachytic magma, and a basaltic magma which was 
presumably injected from deeper in the system (Sparks et al., 1977; 
Weiss et al., 1984)
Chemical data from the subunit Tscu indicates a subalkaline, low- 
silica rhyolitic or quartz-latitic composition similar to upper parts 
of the outflow sheet. However, the occurrence of abundant groundmass 
acmitic pyroxene, arfvedsonite and another amphibole(?) with brown 
pleochroism indicates a more peralkaline composition than is shown by 
the chemical analyses. A loss of alkalies during or shortly after 
crystallization probably contributes to this discrepancy (Noble, 1970) 
in tuffs of all of the subunits of the Civet Cat Canyon Member.
The single available analysis of the previously mentioned shard 
tuff, which outcrops northwest, west and southwest of Stonewall 
Mountain, suggests a subalkaline rhyolitic composition similar to 
certain of the rhyolites in the lower parts of the Civet Cat Canyon 
Member outflow sheet. Paleomagnetic data (Table 2, Figs. 8 , 9), along 
with areal distribution and petrographic evidence, suggests that this 
unit is related to and may be a part of the Civet Cat Canyon Member. 
PALEOMAGNETIC STRATIGRAPHY
Paleomagnetic study of ash-flow sheets exposed near Stonewall 
Mountain, initially to corroborate trace-element geochemical discrimi­
nation between ash-flow sheets subsequently assigned to the Stonewall
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Flat Tuff and petrographically and megascopically similar ash-flow 
units of the Thirsty Canyon Tuff (Noble et al., 1983; 1984), was con­
tinued to provide conclusive evidence that all of the tuffs of the 
Civet Cat Canyon Member belong to the same cooling unit. Oriented 
block samples of tuffs of the Civet Cat Canyon and Spearhead Members 
were collected where the use of a portable rock drill was impractical, 
and core samples were later drilled from the sample blocks at the
Mackay School of Mines.
. Individual specimens were cut from sample cores, and thermorema­
nent magnetization (TRM) directions were measured on a computerized 
Schoenstedt fluxgate magnetometer at the Mackay School of Mines. Mag­
netic cleaning by progressive alternating-field (AF) demagnetization, 
at peak fields of up to 95 mT, was used to isolate TRM directions from 
the total, natural remanent magnetization directions and to test rema- 
nence stability. Thermal demagnetization of representative specimens 
was employed to verify TRM directions identified by AF demagnetiza­
tion.
Figure 7 shows remanent magnetization vectors plotted versus in­
crements of AF demagnetization for representative specimens of each 
cooling unit. The univectorial decay towards the origin is interpret­
ed as indicative of a stable TRM direction acquired very shortly after 
cooling unit emplacement. More detailed thermal demagnetization ex­
periments on similar ash-flow tuffs from the Black Mountain volcanic 
center suggest that magnetite is the dominant magnetic carrier phase 
present, with a significant parallel magnetization component contrib­
uted by primary hematite (Weiss et al., 1987). However, certain of
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FIGURE 7. Vector plot showing alternating-field demagnetization re­
sponse of representative specimens of tuffs of subunit Tsco of the 
Civet Cat Canyon Member. Solid lines show horizontal vectors, dashed 
lines show vertical vectors. Peak alternating-field applied at each 
increment of demagnetization is given in mT.
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the specimens of the Stonewall Flat Tuff that were analyzed appear to 
contain greater amounts of primary hematite than are present in tuffs 
of the Black Mountain Center.
The six specimens analyzed from sites 12 and 14 failed to reach 
stationary, unchanging magnetization directions during AF or thermal 
demagnetization. These specimens were considered magnetically unsta­
ble and were not included in subsequent calculations. The stable TRM 
directions measured from each specimen were averaged to obtain calcu­
lated site mean TRM directions; the results are given in Table 2. 
Unit mean TRM directions were calculated for comparison both by ave­
raging the calculated site mean TRM's and by averaging the individual 
specimen TRM directions from each unit. Figures 8 and 9 show the 
calculated site and unit mean TRM directions.
The dispersion observed in site mean TRM directions is similar to 
dispersion in specimen TRM's within sites; similar relations have been 
noted in paleomagnetic studies of ash-flow tuffs conducted by several 
researchers (cf. Gose, 1970; Reynolds, 1977; Geissman, 1980; Weiss et 
al., 1987). This dispersion may be due to a combination of orienta­
tion errors, undetected tectonic rotations, and post-blocking- 
temperature grain rotations. As such, it probably does not reflect 
temporal variations in the geomagnetic field orientation during erup­
tion and emplacement of the ash-flow unit. The calculated unit mean 
TRM directions are, therefore, interpreted as representative of the 
prevailing geomagnetic field orientation at the time of ash-flow sheet 
deposition. Assuming the standard, axial geocentric dipole field 
model, a Virtual Geomagnetic Pole (VGP) located at about 66° South
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TABLE 2. CALCULATED SITE AND UNIT MEAN TRM DIRECTIONS FOR THE 
STONEWALL FLAT TUFF
Site Lithology N Dec. Inc. « 95 K
Civet Cat Canyon Member
6 w, g 9 215.7 -44.2 3.0 311
7 w, d 1 213.4 -40.0 — —
8 w, d, vp 5 187.0 -46.6 5.3 207
9 w, g 5 237.9 -13.5 2.5 914
10 w, d, vp 8 197.5 -55.6 4.0 191
11 w, d, vp 7 198.5 -56.9 1.3 2290
12 w, d 2 unstable
13 ' w, g 4 203.5 -55.8 3.4 743
16 w, g 6 207.1 -40.5 13.3 26
18 w, d, vp 7 184.5 -60.1 4.0 233
20 w, d, vp 2 208.5 -52.6 17.0 222
21 w, d 1 204.3 -53.7 — —
Unit Mean* 11 207.3 -48.4 9.6 24
Unit Mean** 55 206.3 -49.0 4.2 21
Spearhead Member
1 W, d 4 9.7 53.8 16.6 32
2 W, g 8 26.7 53.6 3.6 234
3 W, d, vp 8 8 .8 59.9 2 .2 627
4 W, d, vp 3 14.2 59.2 7.8 252
5 W, d, vp 2 352.5 55.6 26.3 352
14 W, vp 4 unstable
15 W, vp 8 356.5 46.3 2 .0 746
17 pw , vp 4 354.0 55.8 7.9 136
19 W, d, vp 12 16.7 59.9 1.3 1137
22 W, d 3 11.3 60.9 12.5 99
Unit Mean* 9 7.3 56.6 5.1 103
Unit Mean** 52 9.6 55.7 3.0 45
Note: w = welded; g = glassy; d = devitrified; vp = vapor-phase crys­
tallization; pw = poorly welded; * = average of site mean TRM's; ** = 
average of total stable specimen TRM's. N = the number of specimen 
TRM's used in the calculation; Dec. = magnetic declination in degrees 
clockwise from north; Inc. = magnetic inclination in degrees clockwise 
from horizontal; negative sign indicates reverse magnetic polarity; 
* 95 = semi-angle defining the cone of 95% confidence interval; and K 
= Fisher's (1953) precision parameter.
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FIGURE 8. Equal-area projection of site mean TRM directions for 
the Spearhead and Civet Cat Canyon Members of the Stonewall Flat 
Tuff. Solid symbol indicates projection from the lower hemisphere 
(normal magnetic polarity) and open symbol indicates projection 
from the upper hemisphere (reverse magnetic polarity).
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FIGURE 9. Equal-area projection of unit mean TRM directions for 
the Spearhead and Civet Cat Canyon Members of the Stonewall Flat 
Tuff. Solid symbol indicates projection from the lower hemisphere 
(normal magnetic polarity) and open symbol indicates projection 
from the upper hemisphere (reverse magnetic polarity). Dashed 
l^rigs show projections of the cone of 9 5 /£ confidence intervals.
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Latitude and 40° West Longitude would have been required to produce 
the calculated unit mean TRM direction of the Civet Cat Canyon Member. 
This VGP position is located about 22° in latitude and about 40° in 
longitude away from that expected for the Late Miocene (Irving and 
Irving, 1982). The average wobble of the model dipole field axis, 
estimated at 9° over the last 5 million years (McElhinney and Merrill, 
1975), appears insufficient to account for the calculated VGP position 
of the Civet Cat Canyon Member. However, paleosecular variation of 
the non-dipole field is poorly understood at present and cannot be 
discounted from having contributed to produce the anomalous observed 
TRM direction of the cooling unit.
The paleomagnetic data show that the two members of the Stonewall 
Flat Tuff possess characteristic unit mean TRM directions that may be 
utilized to distinguish these tuffs from each other and from megascop- 
ically similar tuffs erupted from the nearby Black Mountain volcanic 
center (Noble et al, 1984). The site mean TRM's obtained from the 
near-source sequence (site 8) and the shard tuff (sites 6 and 7) 
provide additional evidence supporting a close genetic and temporal 
association of these subunits with the main outflow portion of the 
Civet Cat Canyon Member.
ERUPTIVE HISTORY OF THE CIVET CAT CANYON MEMBER AND 
ASSOCIATED DEFORMATION AND INTRUSIVE ACTIVITY
Near the summit of Stonewall Mountain, a minimum thickness of 500 
m of tuffs of subunit Tscu dip gently south and gently to steeply 
east. According to Foley (1978), this sequence thins to about 10 m
m sunn mass
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along the northeastern part of the mountain. On the basis of compac­
tion foliation and contact relations, Foley (1978) recognized that 
throughout their extent, and well exposed in the present study area, 
ash-flow tuffs of subunit Tscu form numerous horizontal to vertically- 
dipping blocks as much as 1000 m in length that are overlain without 
cooling breaks by identical, gently-dipping ash-flow units of the same 
sequence. Foley (1978) interpreted these relations to possibly have 
been the result of ash-flow emplacement over an earlier chaotic col­
lapse terrane, with continued, syn-eruptive subsidence producing seg­
mentation and tilting of early deposits. Foley (1978) suggested that 
burial of early deposits under subsequent ash flows accompanied and 
followed tilting and was followed by intrusion of rocks of subunit 
Tscm.
The clearly pyroclastic origin of rocks of subunit Tscm in the 
area of Transition Canyon, previously mapped as intrusive bodies by 
Foley (1978), requires consideration of alternative interpretations of 
the contact and cooling relations between tuffs of subunits Tscm and 
Tscu. One alternative interpretation is that a portion, or possibly 
all, of the steeply dipping tuffs and contacts represent the fill and 
margins of fossil ash-flow vents. Foley (1978) discounted this inter­
pretation, apparently because of the absence of vitropheres, as de­
scribed peripheral to vent-facies material at probable fossil ash-flow 
vents studied by Walker (1969) and Ekren and Byers (1976), and specu­
lated that such vents might presently be occupied by intrusive bodies 
(of subunit Tscm of this study). Glassy margins of vent materials 
form when the country rock is sufficiently cool to chill the margins
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of the intruding material. Within the resurgent Timber Mountain 
caldera, intrusive "tuff dikes" lacking chilled margins are hosted by 
intracaldera tuffs of the Ammonia Tanks Member of the Timber Mountain 
Tuff (Byers et al., 1976). Possible fossil ash-flow feeder dikes and 
vents, lacking chilled margins, have also been described associated 
with Late Oligocene ash-flow units in the southern part of the Hot 
Creek Range, north of Warm Springs, Nevada (Cook, 1968).
Certain steeply-dipping tuffs of subunit Tscu are lithologically 
and chemically nearly identical to the upper, crystal-rich tuffs of 
the outflow sheet. An intriguing possibility is that the steeply 
dipping tuffs of subunit Tscu represent fossil ash-flow vents or 
feeder dikes that supplied vesiculating magma to the intracaldera 
prism and possibly to portions of the outflow sheet. Tuffs of these 
zones locally contain plastically deformed, granophyrically crystal­
lized, crystal-rich cognate(?) inclusions of subunit Tscm. Similar 
blobs have also been observed locally in the upper portion of the 
tuffs of the outflow sheet. These inclusions and blobs may represent 
mixing of the trachytic magma with part of the rhyolitic magma shortly 
before or during eruption of the rhyolitic tuff. These feeder zones 
of tuffs of the outflow sheet were then perhaps intruded locally by 
magmas that erupted to form the pyroclastic subunit Tscm. However, 
the depositional contacts discussed earlier suggest that a substantial 
portion of the rhyolitic tuffs of subunit Tscu were deposited after 
intrusion(?) and subaerial deposition of the trachyte of subunit Tscm. 
This would have required either withdrawal of magma from separate 
magma chambers or, more probably, the existence of a compositionally
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zoned magma body from which high-silica peralkaline rhyolite (subunit 
Tsco), low-silica peralkaline to subalkaline rhyolite (subunit Tsco), 
and basalt-bearing trachyte (subunit Tscm) were successively with­
drawn; followed by another withdrawal of low-silica, subalkaline to 
peralkaline rhyolite (subunit Tscu). The late eruption of the low- 
silica rhyolite (subunit Tscu) may not be inconsistent with a simple 
model of a compositionally zoned magma, in which SiC^ increases up­
wards. The model of Spera et al. (1986) accounts for the eruption of 
an ash-flow sequence as described above without requiring the exis­
tence of abrupt compositional gaps within the magma chamber or a 
complex magma chamber-vent/conduit configuration. Within the upper 
part of the subunit Tscu, the presence of ash flows rich in quartzite 
and phyllite fragments and other pumice and lithic-rich ash flows, 
which thicken to the northwest and west of the mapped area, suggests 
that the tuffs of subunit Tscu were erupted from more than a single 
vent; probably from vents along a developing ring fracture system 
(e.g., Hildreth and Mahood, 1986).
However, another interpretation is preferred to account for the 
various contact, foliation, depositional, and cooling relations ob­
served in the near-source tuffs. This interpretation involves the 
eruption and deposition of most of the tuffs of the outflow sheet 
(subunit Tsco) followed by eruptions of some, or perhaps all, of the 
subunit Tscm as near-vent facies pyroclastic deposits prior to cooling 
of the proximal, rheomorphically disrupted tuffs. The intervening 
surge horizon is interpreted to represent a near-vent facies precursor 
to the eruption of the trachytic tuffs of subunit Tscm. Continued or
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renewed eruption of low-silica rhyolitic tuffs buried the still hot 
trachytic tuffs, and possible feeder zones, of subunit Tscm and previ­
ous near-vent trachytic inclusion bearing, low-silica rhyolite tuffs 
that may correlate with tuffs of the outflow sheet. Tilted blocks 
composed of hot, still plastic proximal tuffs of subunit Tsco(?), 
Tscm, and overlying low-silica rhyolitic tuffs of subunit Tscu began 
to develop, possibly by breakup and rotation of portions of the under­
lying cauldron block in response to magma withdrawal. Eruption of 
low-silica rhyolitic tuffs of subunit Tscu continued, probably from, 
as previously mentioned, more than a single vent, burying the intra­
caldera tilt-block terrane but apparently not escaping, in the area of 
this study, as in an outflow sheet.
This type of caldera collapse, involving tilt-blocks, has been 
described at the Questa caldera in New Mexico and requires active 
extensional tectonism concurrent with major pyroclastic volcanism 
(Lipman, 1984). The 6.3 + 0.3 Ma age of the Spearhead Member of the 
Stonewall Flat Tuff indicates that major volcanic activity at the 
Stonewall Mountain volcanic center occurred well after the initiation 
of extensional tectonism in the western part of the southern Nevada 
volcanic field in early to middle Miocene time (Ekren et al., 1968). 
Outcrops of breccia, composed of welded, and in part plastically 
deformed, clasts of tuffs of the Civet Cat Canyon Member outflow 
sheet, are closely associated with north-trending, high-angle Basin 
and Range faults along the west edge of Pahute Mesa between Transition 
Canyon and Dickensheets Draw (Fig. 2). Though some post-brecciation 
displacement is evident, these breccias are interpreted as having
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formed while the tuff was still hot enough for welding of clasts, 
suggesting a close temporal association between tuff deposition and 
extension-related faulting in the study area. The N-S trending, 
high-angle normal faults south of Harley's Canyon (Fig. 2) provide 
additional evidence to suggest a close relation between volcanism and 
a pulse of extension-related faulting in the Stonewall Mountain area. 
In the vicinity of hill 5547, several of these faults clearly post­
date deposition of the Spearhead Member but result in only slight 
offset of the overlying Civet Cat Canyon Member. As previously men­
tioned, numerous high-angle joints and minor faults offset the top of 
the Spearhead tuffs and the cooling break by generally less than 3 
meters but die out within 1 to 2 meters above the base of the Civet 
Cat Canyon Member. This suggests that at least small-scale extension- 
related faulting was contemporaneous with the initial eruptions of 
tuffs of the Civet Cat Canyon outflow sheet.
The near-source tilt-block terrane may be interpreted alterna­
tively as a chaotic intracaldera zone produced by complex, piecemeal 
collapse of the roof-rocks and overlying intracaldera tuffs above the 
inferred magma chamber. This type of collapse has recently been 
recognized in the Bachelor caldera of the San Juan volcanic field; 
there, large blocks of welded intracaldera tuffs are separated by 
zones of tuffs with steeply-dipping foliations, interpreted as having 
accommodated movement between blocks and lacking evidence of large 
displacements between blocks (Lipman, 1984).
Pervasive high-temperature brecciation of rocks of subunit Tscm, 
observed directly west, south and northeast of the southwest corner of
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Section 34 (Fig. 2), T5S, similar to certain of the less ductile brec- 
ciation in the lower, proximal tuffs of the outflow sheet along 
Transition Canyon, may have occurred during tilt-block development. 
Later deposition of ash flows of subunit Tscu subsequently filled low 
areas between, and buried, the tilted blocks at various attitudes, but 
apparently failed to spread beyond the near-source area to form an 
outflow sheet. High-angle faulting, perhaps in part associated with 
central resurgence, was the latest event to affect the near-source 
area on Stonewall Mountain.
CONCLUSIONS
South of Stonewall Mountain, the Civet Cat Canyon Member of the 
Stonewall Flat Tuff is traceable continuously from outflow sheet 
northward directly into the Stonewall Mountain volcanic center, where 
it incorporates welded, near-vent facies pyroclastic flow and air-fall 
deposits. The zone in which the cooling unit incorporates near-vent 
facies tuffs of subunits Tscm and Tscu is exposed along the southeast 
margin of the volcanic center. It is characterized by rheomorphic 
disruption of lower proximal tuffs which are correlated with, and 
traceable to, the outflow sheet of the Civet Cat Canyon Member. This 
direct connection between the ash-flow sheet and its source area 
provides important stratigraphic evidence supporting the interpreta­
tion by Noble et al. (1983, 1984) that the Stonewall Mountain volcanic 
center was the source of the Stonewall Flat Tuff. The similar petrog­
raphy and similar, extremely potassic major-element chemistry of the 
various, in part near-vent facies, subunits within the Civet Cat 
Canyon Member suggests derivation from similar source magmas and
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perhaps reflects withdrawal of magmas from different levels of a sin­
gle compositionally zoned magma body. If the latter is correct, the 
major-element data provide further evidence to support the interpreta­
tion that the Stonewall Flat Tuff was erupted from the Stonewall 
Mountain volcanic center. The occurrence of trachyte, of subunit 
Tscm, within the upper part of the Civet Cat Canyon Member, is consis­
tent with observations that trachyte is commonly intimately associated 
with the later stages of pyroclastic volcanism at many peralkaline 
volcanic centers (e.g., Noble and Parker, 1974; Mahood, 1984). The 
cognate inclusions found in the subunit Tscm probably represent explo­
sive mixing of the trachytic magma with a basaltic magma that was de­
rived from deeper in the system. The occurrence of coarse-grained 
inclusions petrographically similar to tuffs of subunit Tscm, in both 
the upper portion of the outflow sheet (Tsco) and in the near-vent 
tuffs of subunit Tscu, provides additional evidence for magma mixing; 
perhaps due to the dynamics of magma withdrawal from a single magma 
chamber during a series of eruptions triggered and sustained by injec­
tion and mixing of basalt (Sparks et al., 1977; Spera et al., 1986). 
A recently obtained K-Ar age for the Civet Cat Canyon Member, of 6.1 + 
0.2 Ma (E. H. McKee, personal commun., 1985), is consistent with the 
6.3 + 0.3 Ma ages obtained on the underlying Spearhead Member.
An unresolved problem is that the thick accumulation of tuffs of 
the subunit Tscu in the near-source area and lack of a recognizable, 
equivalent outflow sheet either imply significant source-area subsid­
ence concurrent with eruption, or require a alternative mechanism for
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confinement of these tuffs. Though a definite structural or topo­
graphic caldera margin has not been recognized for the Civet Cat 
Canyon Member eruptive event, Foley (1978) noted a circular pattern 
described by compaction foliation strikes in the tuffs of subunit Tscu 
and speculated that the unit might be confined within a caldera- 
related physiographic feature. Foley (1978) also recognized that the 
near-source, buried tilt-block terrane of units Tscu and Tscm may 
represent an accumulation of pyroclastic material deposited on roof 
rocks above an inferred large, shallow magma chamber, and suggested 
that if the inferred magma chamber supplied the material erupted to 
form the near-source tuffs, such a rapid and voluminous withdrawal of 
magma may have resulted in collapse of the roof rocks above it. 
Similarities between the low-silica rhyolitic tuffs of the tilt-block 
terrane and ash-flow tuffs in the upper portion of the outflow sheet 
suggest the possibility that evidence for an expected, earlier episode 
of collapse, precipitated by eruption of the outflow sheet, may be 
concealed and, at present, remains unrecognized within the tilt-block 
terrane. Detailed geologic mapping and complimentary trace-element 
studies could perhaps provide important evidence needed to resolve 
this problem.
Unlike coherent "piston"-like or "trapdoor" subsidence behavior 
of intracaldera rocks, as typified, for example, by the Creede caldera 
(Steven and Lipman, 1976) and the Bonanza caldera in Colorado (Varga 
and Smith, 1983), respectively, it appears that the near-source rocks 
at Stonewall Mountain may have subsided in an irregular, piecemeal 
fashion or by extension-related rotation of the underlying magma
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chamber roof rocks to form the complex tilt-block terrane presently 
exposed. If this interpretation is correct, then the perimeter of the 
tilt-block terrane may be the surface projection of a ring fault sys­
tem at depth.
An acceptable interpretation of the geologic relations observed 
at Stonewall Mountain must also account for the nearly 750 m of topo­
graphic relief present between the top of the outflow sheet portion of 
the Civet Cat Canyon Member and the tuffs of subunit Tscu exposed on 
the summit of Stonewall Mountain. Post-collapse central resurgence 
probably is responsible for this relief, but direct evidence for re­
surgence was not observed in the area mapped. The extent that later 
basin and range faulting has contributed to this difference in eleva­
tion is not known, though Foley (1978) suggests at least 300 m of 
uplift is evident where the north and west sides of Stonewall Mountain 
are truncated by major, post-volcanic faults.
The results of this study improve our understanding of the rela­
tionship between the Stonewall Mountain volcanic center and the rest 
of the southern Nevada volcanic field. As the last major center of 
silicic pyroclastic volcanism in the southern Nevada volcanic field, 
the Stonewall Mountain center merits continued investigation. Geo­
logic studies directly to the north, northeast and northwest of the 
mapped area may prove particularly important for furthering our under­
standing of the volcanic evolution of the center.
PART B
Paleomagnetic Constraints on the Timing of Eruption 
of the Pahute Mesa and Trail Ridge Members 
of the Thirsty Canyon Tuff, Southern Nevada
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INTRODUCTION
As the result of its youth, geological and geochemical complexi­
ty, remarkable state of preservation, and excellent exposure, the late 
Miocene Black Mountain volcanic center in southern Nevada (Fig. 1) 
presents an ideal area in which to study the evolution of a high-level 
magma system. Recent field, geochemical, paleomagnetic and radiomet­
ric age dating studies of the Black Mountain and Stonewall Mountain 
volcanic centers have resulted in significant stratigraphic revisions, 
source-area reassignments, and petrologic reclassifications (Noble et 
al., 1984). The rock units and history of the Black Mountain center 
as presently recognized are summarized in Table 1.
Because individual ash-flow sheets (cooling units) are the prod­
ucts of single, catastrophic pyroclastic eruptions, and thus are de­
posited virtually simultaneously over broad areas, they are ideal 
time-stratigraphic units. Where unaffected by later remagnetization, 
ash-flow cooling units provide spot recordings (TRM directions) of the 
geomagnetic field orientation at the time of deposition (e.g., Gose, 
1970; Gromme' et al., 1972; Reynolds, 1977; Geissman, 1980). Preserved 
TRM directions have thus been used by many workers as a tool to aid in 
identification and stratigraphic correlation of ash-flow units over 
wide areas (e.g., Noble et al., 1968; Gromme et al., 1972; Nairn et 
al., 1975; Shuey et al., 1976; Gillett, 1982). TRM directions also 
have been used to provide evidence on the duration of pyroclastic 
eruption and timing of caldera resurgence (Reynolds et al., 1983). 
Magnetic intensities are commonly high (e.g., Bath, 1968), and direct
FIGURE 1. Map showing the location of the Black Mountain 
volcanic center. Numbered dots show the location of paleo- 
magnetic sample sites.
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TABLE 1. SUMMARY OF THE VOLCANO-STRATIGRAPHIC EVOLUTION 
OF THE BLACK MOUNTAIN VOLCANIC CENTER, SOUTHERN NEVADA
Trachyte of Hidden Cliff
(trachyte and mafic trachyte lavas; age > 6 .3 +_ 0 . 2 m.y.)
Gold Flat Member of the Thirsty Canyon Tuff; Caldera Collapse 
(pantellerite ash-flow tuff; K-Ar age of 8.9 +0.6 m.y.)
Lavas of Pillar Spring
(trachyte, comendite, and subalkaline rhyolite lavas)
Rocks of Yellow Cleft; Possible Central Resurgence 
(trachyte and comendite lavas; syenite)
Trail Ridge Member of the Thirsty Canyon Tuff; Probable Renewed 
Caldera Collapse
(comendite ash-flow tuff)
Pahute Mesa Member of the Thirsty Canyon Tuff; Caldera Collapse 
(subalkaline rhyolite ash-flow tuff)
Rocket Wash member of the Thirsty Canyon Tuff; Probable Caldera 
Collapse
(subalkaline rhyolite ash-flow tuff; K-Ar age of 7.7 m.y.)
Lavas of Ribbon Cliff
(trachyte to rhyolite lavas)
Modified from Noble and Christiansen (1974), Noble et al. (1984), and 
Noble and Weiss (1986), with additional ages from Kistler (1968) and 
Marvin et al. (1970).
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field measurements of magnetic polarity have been used as a routine 
tool for field identification and correlation of ash-flow sheets-
Paleomagnetic data were initially acquired from rocks of the 
Black Mountain center to corroborate stratigraphic and source-area 
reinterpretations based on field relations and geochemical finger­
printing (Noble et al. 1968; 1984), These data also provide impor­
tant constraints on the absolute time between eruption of two ash-flow 
sheets of the Black Mountain center, the Pahute Mesa and Trail Ridge 
Members of the Thirsty Canyon Tuff (Table 1).
FIELD SAMPLING
The tuffs sampled have undergone no discernable tectonic rota­
tion, and thus no structural corrections have been applied. The 
nature of the units sampled and that of units that previously overlay 
them in conjunction with the vertical position of the sites within 
the units, preclude reheating of the sampled tuffs above the range of 
Curie temperatures. None of the specimens exhibits any megascopic or 
microscopic evidence of hydrothermal alteration. Hematite in devitri- 
fied and/or vapor-phase crystallized specimens is primary, reflecting 
oxidation as the result of the loss of hydrogen gas during primary, 
high-temperature crystallization. The glassy rocks have, as have
virtually all phenocryst-bearing, glassy, silicic rocks of Tertiary 
age, been hydrated as a result of exposure to atmospheric moisture 
(Noble, 1968).
At seven of the twelve sample sites (Fig. 1) core samples were 
drilled and oriented in situ. Oriented block specimens collected at
sites 2, 5, 6 , and 9 were drilled in the laboratory. All samples
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except those from sites 5, 6 , 8 , and 9 consist of densely to moderate­
ly welded, completely crystallized ash-flow tuff. These specimens 
have all undergone primary devitrification during the original cooling 
of the ash-flow units. The specimens from sites 2 and 11 are moder­
ately welded, and show evidence of vapor-phase crystallization at 
elevated temperatures in addition to primary devitrification. Samples 
from site 8 are from a near-vent, welded and devitrified air-fall 
facies of the Trail Ridge Member. Samples from sites 1 and 9 consist, 
respectively, of moderately welded and densely welded glassy tuff.
Specimens from sites 5 and 6 are large blocks of partly vesicu- 
lated glassy pumice from a unit of ash-flow tuff, the Dry Lake Member 
of Rogers et al. (1968), that may belong either to the Pahute Mesa 
Member or to the Trail Ridge Member, or may be a distinct cooling unit 
younger than the Pahute Mesa Member. Although the precise strati­
graphic position of this unit is not known (Noble et al., 1984), data 
from these specimens are included because they provide additional 
evidence for the occurrence of an anomalous orientation of the geo­
magnetic field during development of the Black Mountain center. 
LABORATORY MEASUREMENTS
Natural remanent magnetization directions were measured with a 
computerized Schoenstedt fluxgate magnetometer. Magnetic cleaning by 
progressive alternating field (AF) demagnetization procedures was used 
to isolate inferred thermoremanent magnetization (TRM) directions from 
the effects of viscous remanent magnetization. Representative speci­
mens from each unit were subjected to progressive thermal demagnetiza­
tion to verify the directions identified by AF demagnetization, test
46
remanence stability, and attempt to identify the dominant magnetic 
carrier phases.
The results of thermal and AF demagnetization (Fig. 2), suggest 
that magnetite and hematite are the dominant magnetic carrier phases. 
The response of specimens to progressive demagnetization (Figs. 3a and 
3b) and the primary origin of the hematite is interpreted to be con­
sistent with the existence of a stable TRM, carried by both magnetite 
and hematite, acquired during the cooling of the ash-flow units. Six 
core specimens that failed to reach stationary, unchanging magnetiza­
tion directions under progressive AF or thermal demagnetization were 
considered magnetically unstable and were not included in subsequent 
calculations.
The stable TRM directions measured for each specimen were aver­
aged to obtain calculated site mean directions (Table 2a, Fig. 4). 
Unit mean TRM directions (Table 3, Fig. 5) were calculated both by 
averaging the calculated site mean TRM's and by averaging the indi­
vidual specimen TRM's from each unit.
DISCUSSION
The response to both AF and thermal demagnetization, the cluster­
ing of resultant magnetization directions of specimens from different 
zones of the ash-flow units at localities tens of kilometers apart, 
the primary origin of groundmass hematite, and the lack of megascopic 
or microscopic evidence of alteration or deformation together strongly 
suggest that the measured directions are indeed stable thermoremanent 
magnetization directions acquired upon cooling in the prevailing geo­




FIGURE 3a and FIGURE 3b. Representative vector plots showing response 
to alternating-field (3a) and thermal (3b) demagnetization. Solid and 
dashed lines indicate horizontal and vertical vectors, respectively; 
numbers show peak field (mT) and temperature (°C) applied at each step 
of demagnetization. Axes are xl0~5 Am^.
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TABLE 2a. SITE MEAN TRM DIRECTIONS
Site N J/J0 Dec. Inc. cc 95 K
Pahute Mesa Member
2 6 0.02 161 - 2 16 18
3 1 0.20 179 -10 — —
4 7 0.02 187 - 1 10 34
7 5 0.26 177 -11 14 29
11 5 0.14 188 -16 13 37
Trail Ridge Member
1 4 0.15 173 3 21 21
8 1 0.54 167 -22 — —
9 7 0.06 181 -11 8 54
10 4 0.13 179 -23 13 47
12 7 0.16 178 -16 8 65
Dry Lake Member(?)
5 5 0.43 170 -15 8 94
6 5 0 .02 176 -10 8 71
Note: N = the number of specimen TRM's used in the calculation; J/J
= the lowest normalized magnetic intensity achieved by demagnetization 
at each sample site; Dec. and Inc. = declination and inclination; 
declination is in degrees clockwise from North; inclination is in de­
grees from the horizontal, negative sign indicates reverse magnetic 
polarity; * 95 = the semi-angle defining the cone of 95% confidence; K 
= Fisher's (1953) precision parameter. Dec., Inc., and °= 95 are all 
rounded to the nearest degree.
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TABLE 2b. VARIATION IN TRM DIRECTIONS FROM SAMPLES SITES 9 AND 10
Specimen H J/Jo Declination Inclination
Sample site 9
F83Ttt3cl 80 0 .6 6 190.2 -11.4
3c2 65 0.78 192.4 -11.5
3c3 70 0.74 171.8 -11.4
3c5 61 0.39 172.1 -12.3
3c6 90 0.56 171.2 -10.7
3cl 1 85 0.65 173.1 - 9.7
3cl2* 600°C 0.06 188.2 -12.3
Sample site 10
Ttt-12al + 35 0.57 184.1 -31.9
12a2*+ 625°C 0.13 175.3 -11.6
12b 32.5 0.63 178.1 -33.9
12d 35 0.57 181.0 -15.7
Note: H = Peak alternating field applied, in mT; J/J = normalizedomagnetic intensity after demagnetization; Declination is in degrees 
clockwise from North; Inclination is measured in degrees from the 
horizontal, negative sign indicates reverse magnetic polarity; * sig­
nifies thermal demagnetization; + = specimens cut from the same core.
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FIGURE 4. Equal-area projection of calculated site mean TRM directions 
for Black Mountain units. Solid dots indicate upper hemisphere pro­
jection (reverse polarity) and open circles indicate lower hemisphere 
projection (normal polarity).
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TABLE 3. UNIT MEAN TRM DIRECTIONS AND CALCULATED VGP POSITIONS
Based on 
Site Mean TRM's Total
Based on 
Stable Specimens VGP Position
Dec. Inc. cc 95 Dec. Inc. <= 95 Lat. S Long. W
Pahute Mesa Member
h—
* 00 0 1 00 o 12° 179° - 7° 7° 56° 114°
Trail Ridge Member
176° -14° 11° 178° -13° 5° 59° 112°
Dry Lake(?) Member
173° -13° 19° 173° -13° 6° 58° 103°
Note: Dec. , Inc., and <= 95 expressed the same as in Table 2a.
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FIGURE 5. Equal-area upper hemisphere projection (reverse polarity) 
of calculated unit mean TRM directions. PM, TR and DL indicate Pahute 
Mesa, Trail Ridge and Dry Lake(?) Members, respectively. Dotted lines 
show projections of the cones of 95% confidence intervals.
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sheets. Dispersion in TRM directions between sites (Table 2a, Fig. 4) 
is similar to the dispersion within sample sites and between specimens 
cut from the same core (Table 2b). Densely welded glassy portions of 
ash-flow units have been considered by some workers (e.g., Reynolds, 
1977; Geissman, 1980) to yield the most reliable and precise TRM dir­
ections. However, as shown in Table 2a, dispersion in TRM directions 
obtained from the vitrophyre is similar to the dispersion observed in 
devitrified portions of the cooling unit. Such dispersion, commonly 
observed in ash-flow cooling units (e.g., Gose, 1970; Nairn et al., 
1975; Reynolds, 1977; Geissman, 1980), is possibly attributable to 
post-blocking-temperature grain rotation and/or minor orientation 
errors. As such it does not appear to reflect temporal variations in 
the geomagnetic field during the time the ash-flow sheet was deposit­
ed. The calculated unit mean TRM directions are therefore considered 
to provide an accurate record of an anomalous, near-horizontal geomag­
netic field orientation in southern Nevada during the period of cool­
ing of these units. The results obtained for the Pahute Mesa Member 
are identical within the limits of experimental uncertainty to those 
obtained by Noble et al. (1968).
Assuming an axial geocentric dipole field model for the long-term 
behavior of the geomagnetic field, virtual geomagnetic poles (VGP's) 
located near 113° west longitude, 57° south latitude (Table 3) would 
produce the observed unit mean TRM directions. These VGP locations 
are about 30° in both latitude and longitude from those expected for a 
reverse-polarity, late Miocene pole position (Irving and Irving, 
1982). Though paleosecular variation of the geomagnetic field is the
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subject of considerable disagreement (cf. Merrill and McElhinney, 
1983) , this deviation is well beyond the wobble of the dipole field 
axis, which is estimated to have averaged about 9° for the last 4 m.y. 
(McElhinney and Merrill, 1975). If, as an application of uniformi- 
tarianism, southern Nevada in the Late Miocene is comparable to Great 
Britain, where secular variation of the geomagnetic field recorded in 
lake sediments over the last 10,000 years involves inclination changes 
of no more than about 12° (Merrill and McElhinney, 1983), it seems 
unlikely that the observed mean TKM directions are the result of pale- 
osecular variation. Because regional and local geologic relations in­
dicate negligible post-Late Miocene translation or tilting of the 
study area, the most reasonable interpretation is that the anomalous 
geomagnetic field orientations were associated with a magnetic polari­
ty transition. If this is the case, constraints can be placed on the 
timing of eruptive activity at Black Mountain based on paleomagnetic 
records of field behavior and duration of polarity transitions.
Detailed paleomagnetic records of late Cenozoic polarity transi­
tions and their associated transitional field morphologies have been 
documented in marine and continental clastic sediments, plutons, and 
subaerial volcanic sequences (e.g., Watkins, 1965; Larson et al., 
1971; Fuller et al., 1979; Kinoshita, 1980; Valet and Laj, 1981; 
Williams and Fuller, 1982; Clement and Kent, 1984). At least nine po­
larity transitions have been recognized within the approximately 2 
million year interval (6 .2 to about 8 .2 m.y. before present) within 
which the Black Mountain center was active (Labreque et al., 1977;
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Ensley and Verosub, 1982). Although the exact nature of the mecha- 
nism(s) responsible for geomagnetic field reversals is not known, sev­
eral important characteristics of the transition intervals have been 
documented in the studies cited above. At middle to high latitudes, 
high-resolution records of transitions such as those investigated by 
Kinoshita (1980), Valet and Laj (1981) and Clement and Kent (1984) 
demonstrate that as the mid-portion of the transition is approached, 
the magnetic inclination becomes shallow, passes through the horizon­
tal and gradually steepens in the opposite sense of polarity. The 
shallow TRM inclinations measured in the Pahute Mesa and Trail Ridge 
Members strongly suggest that these units were erupted during the 
central portion of a transition interval.
High-resolution transition records also show that VGP positions 
commonly trace an irregular path from one polar region to the other in 
the course of a transition and appear to cluster at latitudes greater 
than about 60° (e.g., Valet and Laj, 1981; Jeanloz, 1983; Clement and 
Kent, 1984). Such behavior apparently represents a substantial de­
crease in the stability of the geomagnetic field during the mid­
portion of the transition interval.
The most important characteristic evident in detailed paleomag- 
netic records of polarity transitions, and one bearing directly on the 
rate of evolution of the Black Mountain center, is the geologically 
almost instantaneous periods of time over which polarity transitions 
take place. The total transition duration is consistently estimated 
to be about 4,000 to 15,000 years, depending on the criteria (anoma­
lous pole position or anomalous decrease in total field intensity)
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used to define end points of the transition. The currently accepted 
best estimate of transition is about 4,000 to 5,000 years (Merrill and 
McElhinney, 1983; K. A. Hoffman, oral commun., 1983) based on end 
points defined by pole position.
CONCLUSIONS
The characteristics of geomagnetic polarity transition intervals 
discussed above lead us to conclude that there exists a very low prob­
ability that the observed, virtually identical unit mean TRM direc­
tions of the Pahute Mesa and Trail Ridge Members could have been so 
precisely duplicated and recorded during successive polarity transi­
tion intervals. In addition, we believe that a low probability exists 
for producing and recording the observed TRM's during different por­
tions of the same polarity transition (cf. Valet and Laj, 1981; 
Jeanloz, 1983; Clement and Kent, 1984). If, as suggested by their 
shallow TRM inclinations, the tuffs of the Pahute Mesa, Trail Ridge, 
and Dry Lake(?) Members were all emplaced during the middle portion of 
a single polarity transition during which the geomagnetic field dis­
plays little stability and for which a total time span of about 5,000 
years is inferred, the very small amount of difference in unit mean 
TRM directions (and VGP's) implies an extremely short hiatus between 
emplacement of the Pahute Mesa and Trail Ridge ash-flow sheets. Al­
though long enough to develop a complete cooling break (cf. Smith, 
1960; Noble et al., 1968) in most or all localities (Noble and Weiss, 
1986), the hiatus between eruption of tuffs of the two members appears 
to have been insufficient to have allowed significant change in the 
orientation of the anomalous geomagnetic field. Based on the very
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small observed difference in unit mean TKM directions and on current 
knowledge of transitional geomagnetic field behavior, we consider it 
highly probable that the time between deposition of the Pahute Mesa 
and Trail Ridge Members was much less than 5,000 years, and perhaps 
was on the order of 100 years.
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